Background
Introduction
Osteoporosis is a disease in which the bone mineral density (BMD) and the quality of bone are reduced that predisposes individuals to a higher risk of low-trauma factures [1] . Annual incidence of osteoporotic fractures worldwide is estimated at about9 millions of which 75-80% fractures are sustained by 200 million women suffering from osteoporosis [2] . This poses a significant global public health concern with socioeconomic implications. It is estimated that the incidence of hip fractures will increase up to 240% in women and 310% in men by the year 2050 [3, 4] .
Osteoporosis cause significant morbidity and mortality in elderly. It can cause kyphosis, restrictive lung disease, abdominal distension, and height loss. Osteoporotic fractures are more common in vertebrae, hip and wrist [5] . Hip fractures are associated with significantly higher mortality rates and most of the patients die within 3-6 months after the event. Among the survivors majority of the patients face significantly compromised performance in their activities of daily living [6] [7] [8] . Osteoporotic fracture risk increases with age; whereas 10-year fracture risk at the age of 50 years is 9.8% in women and 7.1% in men, at the age of 80, it is 21.7% in women and 8% in men [9] .
Of the multiple therapeutic options available for the management of osteoporosis, bisphosphonates act to reduce osteoclast mediated bone resorption [10, 11] by inducing osteoclast suppression and apoptosis [12] . Aminobisphosphonates including alendronate, ibandronate, risedronate and zoledronate are considered more efficacious than non-nitrogenous bisphosphonates. Because of the poor bioaccessibility of orally taken bisphosphonates (less than 1% absorption in the gut) and inadequate patient compliance [13] , bisphosphonates may also be infused via the intravenous route which enhances their bioavailability at much lower frequency of administration.
Among the bisphosphonates, ibandronate offers relatively flexible dosing formulations and administration schedule. A number of trials have examined the efficacy of ibandronate in subjects with osteoporosis or decreased BMD and majority of these studies found ibandronate significantly efficacious in improving BMD which is also reported by recent metaanalyses [59, 60] . Identifying predictors of ibandronate efficacy can help in decision making as multiple options are available for treating osteoporosis which has a multifactorial etiology. We have used data from 34 studies for carrying out meta-regression analyses in order to identify the predictors of ibandronate efficacy in improving BMD of lumbar spine and total hip in subjects with osteoporosis or decreased BMD.
Methods

Literature search strategy
Relevant studies were identified after a comprehensive literature search in multiple electronic databases including EMBASE, Google Scholar, OVID SP, PubMed and Web of Science. The major medical subject headings (MeSH) and keywords were used in different combinations. 
Inclusion and exclusion criteria
The inclusion criterion was-trials evaluating the efficacy of ibandronate by treating subjects (individuals with osteoporosis or decreased BMD) for one or more years and measured baseline, later stage/s and endpoint BMD of lumbar spine and/or hip. The study/studies was/were excluded if it/these used ibandronate for the purpose other than skeletal improvement; utilized ibandronate in combination with other therapeutic regimens; provided relevant but inadequate information regarding the measures of data spread or the variables of interests; or studied persistence/adherence data only.
Data extraction and statistical analysis
Information on demographic characteristics of the study subjects, osteoporotic condition, trial endpoints, outcomes, and baseline values of related serological markers and other clinical characteristics were extracted from each study report/s and tabulated in Microsoft Excel spreadsheets. The metaregression analyses were stratified first by lumbar spine and total hip BMD for overall population of this study and then by the postmenopausal women with osteoporosis or decreased BMD and non-PMO subjects with osteoporosis or decreased BMD. For each of the dependent variables (percent changes from baseline in the BMD of lumbar spine or total hip), we tested several explanatory (independent) variables including treatment duration, number of ibandronate treated patients, gender, age, weight, height, body mass index (BMI) of the subjects, history of previous fractures, time since menopause, baseline lumbar spine / total hip T scores, and baseline 25-OH vitamin D, PTH, osteocalcin, CTX, PINP, BSAP, calcium, and phosphate levels in the blood. After calculating the percent changes in the BMD of lumbar spine and total hip for each of the included studies, metaregression analyses were carried out with STATA software (Version 12; College station, Texas) under random effects model using restricted maximum likelihood method. A P<0.1 was considered to be significant. Statistical indices for heterogeneity assessment were tau 2 and I 2 .
Results
Thirty four studies including 28 randomized controlled, 1 non-randomized controlled [15] , 4 prospective observational [26, 30, 36, 57] , and 1 retrospective [50] studies fulfilled eligibility criteria. A flowchart of study screening and selection process is presented in Fig 1. Overall population of this meta-analysis was 11,090 ibandronate treated subjects of which 7,531 were administered ibandronate orally and 3559 intravenously. Age, height, weight and BMI of the patients as mean and standard deviation were 62.4 ± 7.6 years, 159 ± 6.7 centimeters, 64.7 ± 12 kilograms, and 25.3 ± 4.4 kg/m 2 , respectively. Duration of ibandronate treatment in these trials was 1.9 ± 1.1 (1-5) years. A history of previous fractures was reported by 46% of the study subjects. In postmenopausal women with osteoporosis or decreased BMD, time since menopause was 15.4 ± 7 years. Baseline values of related serum markers were: Vitamin D 25OH (30 ± 12 ng/ml), PTH (50 ± 25 pg/ml), osteocalcin (24 ± 10 ng/ml), CTX (0.4 ± 0.3 ng/ml), PINP (50 ± 31 ng/ml), BSAP (59 ± 20 U/l), calcium (9.4 ± 0.5 mg/dl), and serum phosphate (3.7 ± 0.6 mg/dl).
Based on the statistical significance in the metaregression analyses, several predictors of the efficacy of ibandronate in improving BMD of the lumbar spine in subjects with osteoporosis or decreased BMD (all conditions) were identified. Longer treatment duration from 1 to 5 years, increasing age, lower body weight, history of previous fractures, lower baseline T score of lumbar spine, lower baseline levels of 25-OH vitamin D, and higher baseline levels of serum BSAP and CTX were significantly associated with higher efficacy of ibandronate (Table 1; Figs 2 and 3) . On the other hand, number of participants, gender, height, BMI, baseline serum levels of PTH, PINP, osteocalcin, calcium and phosphate did not show any significant relationship with the efficacy of ibandronate in improving lumbar spine BMD in the overall population of this meta-analysis.
The predictors of the efficacy of ibandronate in improving BMD of the total hip in subjects with osteoporosis or decreased BMD (all conditions) were: Treatment duration from 1 to 5 years, increasing age, history of previous fractures, lower baseline T score of total hip, and higher baseline serum CTX (Table 1 ; Figs 2 and 3). Number of participants, gender, weight, height, BMI, baseline serum levels of 25-OH vitamin D, PTH, PINP, osteocalcin, calcium and phosphate did not show any significant relationship with the efficacy of ibandronate in improving total hip BMD in subjects with osteoporosis or decreased BMD.
In postmenopausal women with osteoporosis or decreased BMD, longer treatment duration (1 to 5 years), increasing age, lower body weight, increasing time since menopause, lower baseline T score of lumbar spine, lower baseline serum levels of 25-OH vitamin D, and higher baseline serum levels of CTX and BSAP predicted better efficacy of ibandronate in improving BMD of the lumbar spine (Table 2) . In these women, increasing age, increasing time since menopause, lower BMI, lower baseline T score of total hip, and higher baseline serum levels of CTX predicted better efficacy of ibandronate in improving BMD of the total hip (Table 2) .
In non-PMO study subject with osteoporosis or decreased BMD, longer treatment duration (1-5 years) and history of previous fractures were identified as the predictors of better ibandronate efficacy in improving the BMD of lumbar spine (Table 3) . Less data were available for the metaregression analyses of other variables for non-PMO osteoporosis subjects and individuals with decreased BMD. 
Discussion
In the present metaregression analyses, longer treatment duration from 1 to 5 years, increasing age, lower body weight, lower baseline T score, and higher baseline levels of CTX predicted higher ibandronate efficacy in improving BMD of the lumbar spine as well as of total hip. Lower baseline levels of vitamin D and higher baseline levels of BSAP predicted higher efficacy of ibandronate for lumbar spine only. In postmenopausal subjects with osteoporosis or decreased BMD, in addition to above-mentioned predictors, better efficacy of ibandronate was also associated with increasing time since menopause. There was a significant negative relationship between the baseline age and baseline T score of lumbar spine (r = −0.55; p<0.0001) as well as of total hip (r = −0.279; p = 0.049).
Postmenopausal women with osteoporosis or decreased BMD
In postmenopausal subjects with osteoporosis or decreased BMD, longer treatment duration (from 1 to 5 years) was associated with higher ibandronate efficacy in improving lumbar spine and total hip BMD in the present study. These results support the predictive model of Mandema et al [61] in which non-linear least squares random effects metaregression analyses were utilized to predict the differences from placebo in percent changes from baseline in BMD at 12, 24, and 36 months after ibandronate and other related therapies. We have found a significant negative relationship between baseline T-scores of lumbar spine as well as of total hip and the efficacy of ibandronate. Moreover, there was a significant negative relationship between baseline age of the subjects and T scores. This observation suggests that ibandronate treatment is more effective in subjects with more serious conditions of osteoporosis and that ibandronate is useful for long-term use. However, there can be a potential selection bias in the trials' recruitment phase of the included studies as many other studies have reported a positive relationship between the start of any treatment for osteoporosis and T scores [62] [63] [64] [65] . Moreover, diagnosis and treatment rates of osteoporosis are quite low [66, 67] .
Age is strongly associated with osteoporosis and fracture risk [68] [69] [70] . In this study we have found that both with increasing age and increasing time since menopause the efficacy of ibandronate increases in improving BMD of lumbar spine as well as total hip in postmenopausal subjects with osteoporosis or decreased BMD. However, in these subjects, the efficacy of ibandronate in improving BMD of both lumbar spine and total hip was inversely associated with Table 1 baseline T scores. Thus, it seems plausible that ibandronate efficacy increases as the baseline Tscore decreases and that age per se is not a good predictor of ibandronate efficacy. Osteoclasts degrade type I collagen (one of the most abundant bone constituents) as a result CTX is released in the blood. Bisphosphonate mediated CTX decrease can be quantified as earlier as one week after the start of treatment [71] . In the present study, higher baseline serum CTX levels predicted higher efficacy of ibandronate in improving BMD of both lumbar spine and total hip, and after treatment, this association became negative (r = −0.736; p<0.0001 for lumbar spine and r = −0.5; p = 0.009 for total hip). There was also a significant positive association between age and baseline CTX levels (r = 0.583; p = 0.01) and a significant negative association between the percent change in CTX following ibandronate treatment and age (coefficient: −2.558; p = 0.005). Although, decrease in CTX can promote osteonecrosis of the jaw [69] , the risk assessment of CTX mediated osteonecrosis of the jaw bone is controversial [72] . Overall safety profile of ibandronate is good and for some parameters better than that of other aminobisphosphonates [73] .
Another finding of the present study is that there was a significant negative relationship between baseline 25-OH vitamin D and the efficacy of ibandronate in improving the BMD of lumbar spine but not of total hip. Moreover, there was a significant positive correlation between baseline vitamin D levels and baseline T score of lumbar spine (r = 0.505; p = 0.019) but not of total hip. Although, inadequate vitamin D levels are reported in individuals with hip fracture but fracture incidence itself can influence vitamin D levels [74] [75] [76] . There is evidence to suggest that vitamin D alone is less effective for hip bone strength e.g. in elderly women, one year treatment with calcium and vitamin D prevented hip BMD decrease but the effects were mainly in the women with below median baseline 25-OH vitamin D [77] and a meta-analysis of 53 trials (91,791 subjects) did not find vitamin D supplementation effective in preventing hip fractures [78] . Thus it may be possible that vitamin D have differential effects on lumbar spine and hip bones.
In the present study, lower BMI was a significant predictor of ibandronate treatment in improving total hip BMD in in postmenopausal subjects with osteoporosis or decreased BMD. Additionally, lower body weight was also predicting better ibandronate efficacy in improving lumbar spine BMD in overall population of the present study. Lower BMI is well-reported to be associated with higher fracture risk [79, 80] .
Non-PMO subjects with osteoporosis or decreased BMD
Relatively less data were available to test explanatory variables against outcome variables in order to evaluate the predictors of ibandronate in improving lumbar spine BMD in non-postmenopausal subjects with osteoporosis or decreased BMD. Longer treatment duration (from 1 to 5 years) and history of previous fractures were positively associated with higher ibandronate efficacy in improving lumbar spine BMD in the present study.
Data were inadequate to evaluate the predictors of ibandronate in improving total hip BMD. Thus, with regards to non-postmenopausal subjects with osteoporosis or decreased BMD, outcomes remain inconclusive till the availability of adequate data in future trials.
Conclusion
In individuals with osteoporosis, especially postmenopausal women with osteoporosis or decreased BMD, ibandronate therapy has been found more effective in more serious conditions and when applied for longer durations. In particular, longer treatment duration from 1 to 5 years, increasing age, lower baseline T score, lower body weight, and higher baselines serum CTX levels predicted better efficacy of ibandronate. Lower baseline vitamin D levels and higher serum BSAP levels predicted higher efficacy of ibandronate for lumbar spine but not for total hip. 
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